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Ha naHHBIE MOMEHT OCHOBHBIM CPEICTBOM KOHTDOJS JOCTyHa SIBISIOTCS HPOIYCKHBIE ITyHKTBI, 00OpYIOBaHHBIC
Pa3IMYHBIMH CPEACTBaMHU KOHTPOJS focTyna. Ho GOMBIIMHCTBO U3 CPENCTB KOHTPOIIS JOCTYIIA HMEIOT BHICOKYIO LICHY.
[Iprdem Oomplias 4acTh PacXoAOB NMPUXOANUTHCA Ha BBIICICHHE MEPCOHANBHOTO CPEICTBA MACHTH(UKALNN KAXKIOMY
MOJIb30BAaTEN0. PelienreM TaHHOW MpOOJIeMbl MOXKET CTaTh rojocoBas uiaeHTH(uKanus. Vcnons3oBanue GHoMeTpun
MO3BOJISIET OTKA3aThCsl OT YHMIIOB U KapT JOCTYNA, MCKIIOYUTH MOTEPI0 CPEACTBA MACHTH(UKALUU M €ro Kpaxy. A
UCIIOJIb30BAHUE rOJI0CA MIO3BOJIUT OTKA3aThCS OT JI0OPOTOCTOSIIET0 000PYA0BAHUS [JIsl CYUTHIBAHUS JAHHBIX.
KaroueBble cj10Ba: TOI0COBast HACHTU(HKAIMS; OMOMETPHST; KOHTPOJIb TOCTYIIa.

BBeaenune

B Hacrosimee Bpemsi, ronocoBas HICHTH(HUKAL,
Kak 1 OMOMETpHs B IIETIOM, YK€ IOJNY9IHiIa HIMPOKOE
pacnopoctpanenue. Camplii npocToll mpumep —
CKaHEpPbl OTHEYATKOB IMaJIbIEB, YCTAHOBICHHBIC MOYTH
Ha Ka)JI0M HOYTOYKe.

buomerpusi npearnonaraeT CUCTEMY pacliO3HABaHUS
Jarofed 1o oAHOW wiM  Oosee  (HU3MHECKUX MM
NoBe/leHYeCKux 4epT. B oOnactu uHOpMAMOHHBIX
TEXHOJIOTHI OMOMETPUUYECKHUE JIaHHBIE UCIIOJb3YIOTCS B
kadecTBe (OPMBI  yHpaBICHHs HICHTH()UKATOPaAMHU
JIOCTyIa U KOHTpOIs AocTyna. Takxke GnomeTpruyecKui
aHaJIM3 MCIIOIb3YETCs VISt BBISIBIICHUS JIOAEH, KOTOphIE
HaxomsTes nox HabmoaeHveM [1] . Tak ke Guomerpus
IperycMaTprBaeT U OBeIeHUeCKHi aHain3 o0bekTa. K
HHUM OTHOCSTCST X0/1b0a, KECTHI  T.II.

JIOBOJIBHO JUTMTENIEHOE BPEMS OTIIEUATKH IaJIbIEB
UCHOJB3YIOTCS [UIsl MACHTH()UKALUU NPECTYITHUKOB U
MPEAOTBPAIIEHUS] BOPOBCTBA WM MOIIEHHUYECTBA.
HexoTopsie tonn yMe0T HMHTHPOBATh Iojoca, HO, 3TO
TpeOyeT O0coOBIX HaBBIKOB, KOTOpbIE HE YacTo
MOBCTpPEYAeIb B OOBIICHHOM KU3HHA [2].

1. AnnaparHas peaju3aums

IlepBoHayaIbHBIM 3TanoM TOJ0COBOI1
uaeHTH(PUKATH SIBJIISIETCS MOJIy4YEeHUE rojoca
nmoip3oBatens. Jmsg »sToro HeoOxoamM MHUKPOQOH,
¢uneTp ¥ ananoro-nudpoBol mpeobpazoBarenb, I
JanbpHeWIeR paboThl ¢ MUGPOBOH 3aITUCHIO TOJIOCA.

411

B o01wem Buze nporece BBOAA peueBbIX COOOIIEHNIH

IIpHUBEZIeH Ha pucyHke 1.
| Y

O) P

Pucynok 1 — Cxema BBOZIa 3aImicH rojoca

C BBIXOIa MHKpO(OHAa CHUTHAN TOHAETCS Ha BXOL
Omoka ¢unbTpanuu. ClEOYIONM STaroM SBISIETCS
npoxoxkaenue ALl Korma ALII ucnonb3yercss s
aMILUTUTYTHOTO aHAIM3a, YHCII0, TIOIyJ4aeMOe Ha BBIXOZEC
ANII, wucnone3yeTcss i aapecalud HamsITH U
Ha3bIBAETCS HOMEPOM KaHama, a V - MHUpPUHON KaHama.
Homep kanana HeceT MH(OpMAIMIO 00 aMILIMTYIHOM
3HAYEHUU CUTHAJIA.

Janee orudpoBaHHBI CHUTHANI MMOMAfaeT B OJIOK
udpoBoii 0opadotku. B Onoke 1udpoBoii 06paboTKH
curHan (QuiubTpyercss M mpeoOpasyercsi B BEKTOp, C
KOTOPBIM B JajbHeHIIeM Oymer  paborarb
MHKpPOTIPOIIeCCOp U HelpoceTeBoi 00padOTIHK.

Tak KE, HOHy‘ICHHBIﬁ BCKTOpP 3aHOCHUTCA B
OHCProHC3aBUCUMYIO MaMATh. 910 HCO6XOI[I/IMO JJIA
MOoCJICAYOUIEIO CPpaBHECHUS C MOJTYUCHHBIM OTIICYATKOM.

Ilocne cpaBHeHHMA oOTmeuaTka B MaMATH C
MOJTY9YEHHBIM OTIEYaTKOM, MHKPOKOHTPOJUIED MOAAET
KOMaHly Ha OJOK yIpaBJeHHS BHEUIHUM YCTPOMCTBOM,
K TpUMepy, Ha MarHUTHBIM ABepHOI 3amok. OOmas
cXeMa yCTpOMCTBa MPEeICTaBIeHa Ha PUCYHKE 2.
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Pucynok 2 — Cxema ycrpoiictsa

2. IIpyHIMI r0JI0COBOI WAEHTH(PUKANU

Cam mpouecc T0JOCOBOW HAEGHTH(UKALUU He
TpeboBaTeNieH K pecypcaM, U COCTOUT U3 ABYX ITAIlOB.
CnepBa, HEOOXOJMMO TOJYYUTh T'OJIOCOBOI OTIEYATOK
MOJIB30BATENS U NMPeoOpa3oBaTh K BHIY, B KOTOPOM €TI0
MOXXHO OyJeT CpaBHUTH C JIPYrMMH. BTOpbIM Imarom
ABISACTCS CPAaBHCHHWE TOJOCOBBIX OTIIEYAaTKOB IIPH
oMo 00y4eHHOM HelpoHHOH cetn. [ peanm3annn
mporuecca npeoOpa3oBaHUS HEOOXOAMMO TIPOM3BECTH
OnpeAesICHHbIA NOPSAIOK IEHCTBUH.

[lpn nomomu MuKpodoHa TONy4YaeTcss 3alHCh
rojyioca UACHTH(GUIUPYEMOTO U OTIpaBisieTcs Ha DBM.
Hawubonee ontumanbHbIM sBisieTcst mnonydyenue WAV
(aiina, B BUAY MPOCTOTHI PaOOTHI C HUM.

[Mony4yeHHyr0  3ammch rojoca  HeoOXOIMMO
pasmenuTh Ha Kanaphl. PasmeneHue Ha  Kajpbl
mpeAcTaBlIeHo Ha pucyHke 3. J[lamHoe nelicTBHe
HeoOxomuMo [yt OoJiee IPOCTOi paboTHI ¢ 3aITMCaHHON
3BYKOBOW JOPOXKKOH.

I[anee BCC€ BBIYHCIICHHUA 6y,I[yT IIPOU3BOAUTCA C
KaXXIAbIM KaIpOM B OTACJIbHOCTH.

« >

Pucynok 3 — I'paduk 3ByKOBOI BOJIHBI

CrenyromM  3TalioM  SIBISIETCS  yCTpaHEHHE
HEXeJaTeNbHBIX 3((PEKTOB U HIyMOB. DTO HEOOXOANMO
JUISL TOTO, YTOOBI 3aIMCH, MTOJY4YEHHbIE B pa3HOE, BpeMs

COOTBETCTBOBAIHM  JAPYr APYry HE3aBHUCHMO  OT
ctopoHHUX  (hakTopoB.  CyIIecTByeT  MHOMXECTBO
croco0oB, MpH MTOMOIIN KOTOPBIX MOXXHO YMEHBIIUTH
LIYMOBBIE 3¢ hEeKTHI. MHoro HCII0JIb30BAJIOCh

YMHOKEHHE KaXJOro KaJpa Ha OcCOoOyr0 BECOMYIO
¢ynknuio "OkHO XeMMHHTa"

o(n) = 0.53836— 046164*cos(%) Y
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e N — MOpPSIKOBBIH HOMEpP JJIEMEHTa B Kajape, IS
KOTOPOTO BBIYMCIISIETCS HOBOE 3HAa4YEHNE
AMIUTATYIH,

N — mimHa kaapa (KOJHMYECTBO 3HAYCHUI CUTHAIA,
HU3MEPEHHBIX 32 MEPUO).

[Monyuennsle  Kaapbl — mpeobpasyercs B HX
YAaCTOTHYIO XapaKTEPUCTUKY MPH TMOMOIIHM MPOTOHKU
yepes "Brictpoe [Ipeodpazosanne Oypoe'™:

N-1 27zik
XKZZXne_Wn' (2)
i=0

rae N — muHa kaapa (KOJHYeCTBO 3HAYEHHI CHTHANA,
HU3MEPEHHBIX 32 MEPUO),
XN — aMIUIATY/a N-TO CUTHAIA,
Xk — N-KOMIUTEKCHBIX aMIUTHTYI CHHYCOHIATbHBIX
CHTHAJIOB, CJIAraOIINUX UCXOMHBINA CUTHAIIL.

Ha cerogmsammmii neHp Hamboiee YCIEUTHBIMHU
SIBJISTFOTCS CHCTEMBI pacTo3HaBaHUSA rojioca,
UCTIONB3YIOMKE 3HAHWS 00 YCTPOWCTBE CIIyXOBOTO
amnmapara. B BTy DaHHBIX 0COOEHHOCTEH HEOOXOIUMO
MPUBECTH YACTOTHYIO XapaKTEPUCTHKY Ka)XJIOTO Kaapa
K «MeJlaMy. 3aBUCUMOCTb MpeCTaBlieHa Ha PUCYHKE 4.
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PucyHnok 4 — T'paduk 3aBHCHMOCTH BBICOTHI 3ByKa (B MeNax) OT €ro
9acTOTHI

I[J'Ii{ nepexoaa K «METD» XapaKTCPUCTUKE
MCIIOJIB3YETCs ClIeAyronias 3aBUCUMOCTD.

f
=1127 1+—). ®)
m log, t+-)

e M — 4acToTa B MeJax,
f — wacTora B repuax.

DT0 mocienHee OEHCTBHE, HEOOXOOUMOE IS
MOCIICTYFOIIIETO mpeoOpa3oBaHue B BEKTOP
XapaKTePUCTUKH, KOTOPBIH, BIIOCJIEACTBHH,

CpaBHHBaeTcs C 0a30d TOJOCOBBIX 3amuceid. Bekrop
Oyzner COCTOSTH 3 MeJ-KeTCTPATbHBIX
K03 (QUIMEHTOB, TONXYYUTh KOTOPBIE MOXHO IIO
crenyronen popmyie:



< 1.7
C.= é(logsk)[n(k—g)ﬁ]. (@)

rme CN — MeN-KeTCTPadbHBI  KOA(OUIMEHT TOX
HOMEpOM N,
Sk — ammrTyna k-ro 3HaueHus B Kajape B Menax,
K -  Hamepen 3amaHHOE KOJHMYECTBO — MeJ-

KETCTPaJbHBIX Koo durmentos NE [1,K].

HOHy‘IeHHLIﬁ BCKTOP XapaKTCPUCTHUK HOGaBJ’IﬂeTCH B
6a3y JaHHBIX, JJI4 OCICAYIOUICTO CPABHCHUA C HUM.

OZ[HaKO 0oJiee ONTHMAJILHBIM BAapUAHTOM SBJIACTCA
HCTOJIb30BAHUE HECKOJIBKUX 3alTUCEN OJHOTO U TOTO XKe
rojoca. 3apaHee OIPCACIICHHOC KOJINYCCTBO 06pa3u0B
rojioCca MOXHO HCIIOJIB30BaTh JJIA 06y‘{eHI/IH HeﬁpOHHOﬁ
CCTH.

B pabore ncmnonp3oBanocs o0ydeHne 0e3 y4HTels,
TaK KaK OHO SBIIAETCS HAMHOTO 0oJiee paBIonogo0HOMH
MOJENnbl0 OOydeHHs B OHOJOTHYECKON CHCTEMe.
PazButas KoxoHeHOM M MHOTMMH JpyrHMMH, OHa HE
HYXXJIAeTCs B ILEJIIEBOM BEKTOpE i1 BBIXOIOB W,
ClIeJOBATENIbHO, He  TpeOyeT  CpaBHEHUs  C
npeaonpeacICHHbBIMU nacaJbHbIMH OTBCTAMH, a
06yqa10mee MHOXXCCTBO COCTOHUT JIMIIb M3 BXOJHBIX
BekTOpoB. OOydaromuili aaropuT™ MOJACTpanBaeT Beca
CeTH TaK, 4YTOOBI TIONYy4YaJlKCh  COIVIACOBAHHBIC
BBIXOJIHBIE ~ BEKTOPHI, T.€. 4YTOOBI IPEABSIBICHHC
JOCTaTOYHO OJM3KMX BXOJHBIX BEKTOPOB JaBaJO
OJJMHAKOBHIC BBIXOIBI. IMpouecc o0yueHus,
CJICIOBATEIbHO, BBIACIACT CTaTUCTHYECKHE CBOHCTBA
oOydaromero MHOXKECTBA M TPYNIHPYET CXOAHBIC
BEKTOPHI B Ki1acchl. IIpeqbsBieHne Ha BXOJ BEKTOpa U3
JIAHHOTO KJIacca JacT ONPEAEICHHBIN BBIXOJHOU BEKTOD
[3] . Cxemarnuecku HaHHas CeTh H300paKeHA Ha
PHUCYHKE 5.

JIByMepHBIit MacCHB
HeHpOHOB

Tononoruyeckas

OKpecTHOCTh
Bxoaro# curaan
Pucynok 5 — Cxema cetu KoxoHena
PaCHpOCTpaHGHI/Ie CUrbHajia B TaKoH CCTHU

HPOHMCXOAUT CJIEAYIOUUM 00pa3oM: BXOAHOW BEKTOD
Hopmupyercs Ha 1.0 W momaercst Ha BXO.I, KOTOPBIi
pacmpenensier ero Janslie depe3 marpuiy BecoB W.
Kaxxnpiii HelipoH B cnoe KoxoHEHa BBIUUCISIET CyMMY
Ha CBOEM BXOJ€ W B 3aBHCHMOCTH OT COCTOSTHHS
OKPYXKAIOIIUX HEHPOHOB 9JTOTO CJOS CTAHOBHTCS
aktuBHeM win HeakTuBHBIM (1.0 u 0.0). Heiipons
3TOr0  Cios  (PYHKIMOHMPYIOT O  TPHHIMITY
KOHKYpPEHIIWH, T. €. B pe3yJbTaTe OMNpeaesIeHHOrO
KOJIMYECTBA HTEpallMii aKTUBHBIM OCTAaeTCA OJHH
HEHpOH WM HeOoNbllas Trpynmna. ITOT MeXaHH3M
Ha3bIBaeTCs JarepanbHbIM. Tak Kak OTpaboTKa 3TOro
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MeXaHu3Ma TpeOyeT 3HAYUTENBHBIX BBIYHCIUTEIHHBIX
pecypcoB, B MOEH MOJENH OH 3aMEHEH HaXOXICHHEM
HEeWpoHa €  MaKCMMaJbHOM  aKTUBHOCTBIO U
npucBoeHrneM emy akTuBHocTH 1.0, a BceM ocTajbHBIM
Heiiponam 0.0. Takum oOpa3oM, cpabaTbiBaeT HEHpOH,
JUIL KOTOPOTO BEKTOp BXOJa OJNMKE BCEro K BEKTOPY
BECOB CBA3EH.

Ecnu ceTp HaxomuTcs B pexuMe OOy4deHUs, TO IUIs
BBIMIPABIIEr0 HEWpOHA MPOMUCXOIUT KOPPEKIUs BECOB
MaTpHIBI CBA3U 10 (hopMmyre:

WH:WH+a(X7WH)' (5)

rae W, — HOBOE 3HaYeHHE Beca;
W,, — CTapoe 3HaYCHHE;
0. — CKOpPOCTh 0OY4eHHS;
X — BEJIMYMHA BXOAA.

leomeTpuuecks 3TO < MPAaBWIO  HIUTIOCTPUPYET
PHCYHOK 6.

Pucynok 6 — Koppekius BecoB Helipona Koxonena

Tak Kak BXOZHOM BEKTOpP X HOPMHPOBaH, T. €.
pacronoXkeH Ha runepcdepe eANHUIHOTO paanyca B
IPOCTPAHCTBE BECOB, TO INPH KOPPEKLHMHU BECOB IO
9TOMY MIpaBUIly MPOUCXOAMUT MOBOPOT BEKTOPA BECOB B
CTOPOHY BXOJTHOTO CUTHAJA. ITocrenennoe
YMEHBIIEHHE  CKOPOCTHM  IOBOPOTA.  IIO3BOJSET
IIPOU3BECTH CTATUCTUYECKOE YCPEIAHEHUE BXOJIHBIX
BEKTOPOB, HA KOTOPBIE pearupyeT JaHHbII HEUPOH.

3akiaouenue

HtoroM naHHOrO McciaenoBaHUsSl CTajJ0 MOAYIBHOE
MIPUIIOKEHUE, OCYILECTBIISIONIEE rOJIOCOBYIO
HICHTU(PUKALIUIO MOJIB30BaTE]Is, HCTIONB3YIOLIEe
MOJICPHU3UPOBAHHBIN aNTOPUTM BBIUHCIICHUS
HeiipoHoB B cioe Koxonena. Ilporpamma cocrout u3
TpeX  OCHOBHBIX  YacCTeH. Ilepast  BBINONHSET
noOapneHre  TOJIb30BaTeNield, BTOpas  BBIMOJHSET
WACHTU(PHUKALIIMIO W TPEThS XpPaHEHHE TOJOCOBBIX
3amucei.

Kak mokazamo  wuccienoBaHue, — MOJTY4YEHHBIH
AJTOPUTM TII03BOJISICT 3HAYUTEIBHO YCKOPHUTH PabOTy
MpOTpaMMBI  TOJOCOBOM — waeHTH(ukanuu. J[lanHas
MOJIEpHH3ALMsI TIO3BOJISIET UCIOIb30BATh IPOrpaMMy Ha
MPENNPHUITHIX C OOIBITUM MTOTOKOM IOJIb30BaTelNeH.



Tak e mporpaMMHBIA KOMILJIEKC OYEHb THOOK M
uMeeT OOINbIIOE TIPOCTPAHCTBO IUIA  JajbHEUIIEro
YCOBEPIIICHCTBOBAHUS M I0OABICHHUS HOBBIX (DYHKITHH,
YTO JIeNaeT €ro HE TOJBKO BBITOJHBIM HPOrPaMMHBIM
MPOAYKTOM, HO M TIEPCHEKTUBHBIM TMPOEKTOM IS
Pa3BUTHSA U TOJTYYCHUS TPUOBLIH.
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At the moment, the primary means of access control
checkpoints are equipped with a variety of means of
access control. But most of the access controls are
expensive. And most of the costs fall on the allocation
of personal identification means for each user. The
solution to this problem is to voice recognition. The use
of biometrics eliminates the chips and access cards,
identification means to eliminate loss and theft. And the
use of the voice will eliminate the expensive equipment
to read the data.

Introduction

Currently, voice recognition, biometrics as a whole,
already widespread. The simplest example - fingerprint
scanners installed on almaost every laptop. Biometrics
recognition system involves people on one or more
physical or behavioral traits. In the field of information
technology, biometric data is used as a form of identity
management and access control access. Also, biometric
analysis is used to identify people who are under the
supervision of. Just provide biometrics and behavioral
analysis of the object. These include walking, gestures,
etc. Authorization process, the use of biometrics, is
quite simple. Using an apparatus for varying the
characteristics of an identified current data scanned and
compared with previous data. Biometric systems have a
number of important advantages. Biometrics uses the
properties of the human body and its behavior, which
make them unique. Unlike paper identifiers from a
password or personal identification number (PIN),
biometric characteristics can not be subjected to theft,
can not be lost or forgotten. Quite a long time
fingerprints are used to identify criminals and prevent
theft or fraud. Some people are able to mimic the voice,
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but it requires special skills that are not often met in
everyday life.

Main Part

To implement voice recognition is necessary to
make a specific course of action. With a microphone
turns voice recording identified and sent to the
computer. The optimal reception is WAV file, since
handling ease. The resulting voice recording should be
divided into frames.

The next step is to eliminate the undesirable effects
and noises. It is necessary to record obtained at different
time correspond to each other, regardless of external
factors. There are many ways in which to reduce the
effects of noise.

To date, the most successful are the voice
recognition system, using the knowledge of the hearing
aid device. They are based on the fact that the ear
interprets sounds not linearly but in a logarithmic scale.
In view of these features is necessary to bring the
frequency response for each frame of mels.

This is the last step required for the subsequent
conversion to vector features, which, compared to the
base of voice recordings. The vector will comprise mel-
cepstral coefficients.

The resulting feature vector is added to the database
for later comparison. But a more accurate alternative is
to. use multiple entries of the same wvoice. A
predetermined number of voice samples may be used to
train the neural network. We used learning without a
teacher, because it is much more plausible model of
learning in the biological system. Kohonen developed
and many others, it does not need to output the target
vector and therefore.

Conclusion

The result of this study is a modular application that
voice recognition by using an upgraded algorithm for
computing the neurons in the Kohonen layer. The
program consists of three main parts. The first performs
the addition of users, the second and third authenticates
voice recordings.

The study showed that the resulting algorithm can
significantly speed up the program of voice
identification. This upgrade allows you to use the
program at the enterprises with the influx of users.

The same software system is very flexible and has
plenty of room for further improvements and adding
new features, making it not only profitable software
product, but promising project for development and
profit.





